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Impact of heavy metals by indoor air analysis and biological monitoring
on the residents living in the vicinity of the Central Taiwan Science Park
Abstract
In recent years, the government has promoted the Green Silicon Island Policy,
and has been developing the Central Taiwan Science Park (CTSP) in
Taichung for the past three years. The CTSP has already introduced some
products, such as optoelectronics, semiconductors, and precision machinery.
Various heavy metals and chemicals that are used in the production process
and subsequently discharged into the atmosphere might cause pollution after
dispersing into the general environment (air, water and soil). Exposure to
these pollutants by the residents living in the vicinity of the CTSP may lead to
acute or chronic adverse health effects through gastrointestinal, respiratory or
skin absorption. This is a pressing health concern and therefore merits the
establishment of pollutant level baseline data in order to determine future

causal relationships regarding their health effects.

The objective of this study is to understand the impact of heavy metals
on the residents living in the vicinity of the CTSP by air analysis and
biological monitoring. The study participants consisted of 427 people residing
in the vicinity of the CTSP (245 in 2005 and 182 in 2007) and a control group
of 79 rural residents. The levels of indoor and outdoor heavy metals in 5
houses were analyzed and 34 urine samples were simultaneously collected
from the members of the five households. All samples are analyzed by
inductively coupled plasma-mass spectrometry (ICP-MS). The elements
included arsenic, cadmium, chromium, copper, mercury, nickel, lead,
selentum and zinc. All analyses were performed under strict quality control

procedures.
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Using multivariate regression, the concentration of arsenic, chromium,
mercury, selenium and zinc in the urine of residents living in the vicinity of
the CTSP in 2007 were significantly higher than residents living in the
vicinity of the CTSP in 2005 and the control group. Of the heavy metals
found in the household environments, only cadmium in the indoor air and
urine correlated significantly (r=0.52)

Multivariate logistic regression analysis showed that the urinary levels of
arsenic, chromium and nickel exceeded the USA NHANES III reference for
residents in the vicinity of the CTSP in 2007. The urinary arsenic levels of the
subjects living in the northern and southern vicinities of the CTSP had odds
ratios 3.4 times (95% confidence interval, 1.2-8.9) and 2.6 times (95% CI,
1.2-5.6) higher, respectively, than those of the control group. The background
(reference) data of heavy metals in residents’ urine near the CTSP had already
been established. The concentrations of arsenic, chromium, mercury, selenium
and zinc found in the urine of residents living in the vicinity of the CTSP in
2007 were higher than both those found in the control group and the CTSP
group that was analyzed in 2005. These results may be related to heavy metal
emissions from the CTSP, however other sources of heavy metals in the

vicinity of the CTSP cannot be ruled out.

Key word: Central Taiwan Science Park , urine , heavy metals , ICP-MS ,

biological monitoring
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Concentrabions
Timing of zollection & s
knowledge of the [ A
" . Standardization of

axposure time-period the I:I Collaction & Washing

biemarker reflacts Protocol

—RBEAMARREEREEENR ZAR S » GFRET XY

— B~ BRARBFEYIT R C RARR(RAARTORER ) XML EM

) o MR Rl MIRARH  RRAENEAEZER > S RRETEE
REMEEREF

AR FRNAERF - SMEE Fhol. FRARER > B A HRAA

REMR—EEN > FEREATRANRER TGRSR FRAESE

ERSRENARY > AR EARNPECERRL > MR EERENS

BEWya it TREKXBTRAENEE 2. ARXRHRNHEETY > A

%

\\

RRETHREBISLEMHE T EDNEAMBERGRE » O T/ - BRR

_\.

B -BHEF S EHAERECHBE A MERAREYASHT

8

HE 0 BAERA BRI R B E LM AR R - 4 R E
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R RE S CHBEVEAMBARZIRE WAL ROIRE - AEFY
ARG - BRFAECHVERERE  EMPELMMERRE - 5. &
HEBESHZ fhdn® » FERRFOTE > FATRGRLZTHELMME
RATORE - WARER &4 0 1WA~ 2. 58 - 3. AR A 814, #R
RS FEN e B EEMARGRE AW EFTUR SR MR
) e A A Bl 46 S R A 43t SR R E e TR g o O

B VAR RS A AR B R RS R B ATE R 26y AR 0 B a5 1A
ANBKEE ST B 1 £ B B F 2k ¥ LEE EF (Creatinine)
WA E > ILELEF R B AL E LB ME > RA—RATHEA1ILE]L 6
RS- BATHE) BELMH - BAREF TR —RART
H AP LR BT 0. 382 A3 g/Leiss kR B AR T ELE
I e (e g/ L)W DA B b WLER BT 89 IR B (g/L) » MR A B F B SUILERET ¥ &9 &
48 (1g/g creatinine) &y B E (BA wg/g cre. &) e

B FAEEOFRLE L RHEEN-BHELB LR T HRA
¥R RAREEREZGMN -2 AEREB-BRA-BRA - RFBEA R
FIBY R E » ZHRANA L FHEBEANABGRERKRT T & BE
HRANERABEEER - S BAARMBARMGZ R ot R ~ B~ 7] -
F#E RAELSEF R RELBHARNBE > HWARBRAERES

Ben e R AP AMCRA M T
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HRAEELB AT ALY € HR EMIEH A » Christian®™ &
935 BkK ¥ S F B Y 2 B3 bk P Al LAY 2 B R 0 Bk P ARIR R S Bk W AR R
JE AR ey A8 R (r=0.68 > p<0.01) > A WEF &R BT R FTHIEER

% 05 5 8 38 o b B 4 e

FRE TIHPEETRIESET L

RFERBFHBHRGSHREENER AP TR T R obT ¥
2% CHEBRBEARENL T THEZ  RABZRAERRELRAR
FhHZWBEEE L EREL QU BEINHEETRE L U]IIA-VA
¥ (4oGaAs) & TIB-VIA#% (4wZnSe )it &4 & X 69 &E (optoelectronics)
FaBAEE "

FERROREALXERATEZEARZEALELXLENE > &
BAEZRAE &85 s d RARERF - RIBEF R 2 ERIAT
HEREXEH BB AAEEREEREERB TREALZEIEZTRAS
FmF o UATEAFEARBEREALA XA LAMERARE - FERT ¥

ZHBRAHRBARAERBRB S BR Y FRESHEERETERE
% RR B FALRE ~ /b2 748 5t (chemical vapor deposition) ~ &
& vtHa (exitaxial deposition) ~ & F4 A (ion implantation) ~ AR &

KX #k% (wet etching) ¥ 538 > mAM KRB EHE » A TiA EHE
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HELBE BB R AT -mATELEEIEZAE
#WAkLET B (liquid crystal display, LCD) &%k =452 (1light
emitting diode, LED)x 4 & » R+ L EM AL &% T > TFH S E R

ZRE HibwERRBEEAENEREE  TARALURIE)YAE -

\*

MAEFERS » TRABZNETH

B A a3 2 xUBk4s 4 B AT4H#45(Ga) ~ 48 (In) ~ 48(T) ~ 42 (Ge)

A (As) ~ 8 (Sb) ~ #B(Se) F X R WL E XA > B rgETFE

8

s

i

BREBBHP A aoh EA G2 GE B ZRBINER T RSN TE
RAEBHTE RGBS ER o BRAKT S HF B L REFEREY

& EAM I o AR R & HACE WS B B A A HlAE

ST RARNF SR Y L EEAZ ATEE > YT
BMEXTEURBRBARERE 2B XL RkadE IR LTH
B K34 - BT (ion implantation) $ZiL# R - BEFHR A
BRI ST EHT RERENZET (o A -8 - FIEEET) EAF
Hpk b o STAE B R T A A 182 fka LAk (chemical vapor deposition
CVD) 432 f.487st# (physical vapor deposition > PVD) & » X > 4&
RE A58 55 LA 7k Rt FaFo Bk4% (sputter deposition) 7 R 2| & B %

mEb R BEIXZ24BLTARASLEEBER ALY -

17



s U BB E T EREARRER TR AR BITRR
HAMEFAE HI8B LK FETEXE T MR EKRE SR F R
H b #aaidaiE A 30 A(E 16.496); m¥ss B 26 A5 14.2%) #14 30
AL 9. 8%) FGHR Bt RmGEH - BLE A B AMEM L F R £
H 704 (46 38%) - R 6 RBHMBEBEELELE  TEREME A
B - REELR - BTATTEURIMGHA S -BEETLR

AR ARG AT o

FHNFEUELEESBATHR > REHELEINHZEELH
F 0 kBB E AN 2001 Ry F EREA AR S TR LT
BZAE ARHEZREBN=ZZF TR UAEEA T ARE M
AAXNNATEAR A BE  LEMETH - ZRERR MR ~ KR
SRR BT HE AN AAFE B TR P R KA TR E 0
B 2% 16. 73~ 190.85 ng/g cre. (N=118) > 47E A B Jk ¥ & 458 X 35t 4
Mo B s E A 21,14~ 171,12 ng/gcre. (N=30)>3 24 100 ng/g
cre. BRIk BEEAEHEEB LA 10.1Th~ T ABH 6.6Th- 128
APHEETHFETFE - LERBRERMEEE > XA NBTREMRE

AAEELE LR EEITHUMAEERIMBELERLAFMHTLE -

AT EE BT R RY ML E R % % 2 48 B 8k - Sekhar ™ %
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HIESLWENYRRTFEIAT AT EFTLEUENT K bk
RELEIE PR LR RER S > BHERX P S0 RE TS > TH
TRBRMEBEAAR > RILRAAEEERZ MR ~ iR~ AR A
35 F P ayA R E A RS A% - Fernando' " #5754 T ¥ E i 644
MARFER > FIXIERET N B Y20/ E oy #R4E/ N 72334120 % SR BB 4 > &
RHETREAER P ERE A1 1 ug/gcre. » HBAKFIEER »
2 &87.51ug/g cre. $17T4. 3 ug/g cre. » XML L EERBEMNE
o B ERPAREEREMAL. 221 g/g cre. ¥R FIEE 53]
Bl 1lug/gcre. 1. 40ug/gcre. » TRABEMRZ 282 - LERHE
PRREFEAT LN ELBMS R THERE > LB RMLE BRI T

N:: 4
R

KAt

ZFE e

Barregard A sk T Bk U B R &R AF440L ~ 60 E kR E
fo SEAEEER A BT RSB E RE KA - 55291 f i ¥ P da
WEERMATHAAMBRBEFHREE  SRETAERAHANGAE
4 kb FGE B 8 K(0.81 ng/g cre. tb1. 10 ug/g cre. ) > (B B &
R m kR a2 R2(0.15tk0. 1dpug/g cre. ) » #HALER
TRAFRREERENERRLEREFRIBRE w2 ZE » 2R K
Ak I S5 PR M F A 6 BA M 6938 o Sk P R GIRE o Wilheln ™ AR 4%

¥HEMAIEROUEBRAZTEERZER AR HEMERA
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H£REASIMZ P EETHR ~ P4~ SR FRZIRE  BRAEKSG T
BimaaE £ 2(0.13ug/g cre. k0. 11 ng/g cre. ) » M T ¥WE&yF
MAZ AR S P4 EE0.40LL0. 25 ug/g cre. ) » FREBZ T T &
BAEEAAN] c Bk FERRERAATRN T EREAHRa T FRENZ

ZE -

sk ENBENARRS BREXGFE > FARREG EMR
G RMILE > RO FLLB T EXBHEA - R EMRERENE
Mo RRARAAHHTETFTRIEEL R LEMOH > LETHE
EREAN  ZREREMAELERATESRREIE N X PHEGHE
ERHIMEERATESBZIAZEN  AEETHRTHECHRLE

RELBZBEZLE -
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=% BRI EEMH

pe

%8 PTREAME

FHFEEEMLLE TN - MR A

BERAERTESBZ M

PRI E W b
AR &k R E LB KRR o
JE RAB B B R LR E 2B AR 2 U
EREN s || PAER
S PR H B A [ L o o 1o e
1% < 2 AR BRI
18 B B A & &
A % N = =
E3 % w5 % #
A 5% S AL K
7 3 g T 3 23
. % &
M I I

i

AIFPHEREAMKRUETELBZITZEHR H
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B8 HEHE

[. REmEarmAEsEH

SPHLIYAEMERRARFLRELE  AZHEFE - AR
HELE BHABRFLNZER > FHERAGSE FIARSK
EHMAZEARER  AF8E EABRBEEH > DHRELEHHL
AR 2R MU E(PHEBRAMER NI £ (EF SR THRERE
BOKERR - iR iR A A R AR 3] B 243 419 182 4 o

EYAZEECABHREERATHEHE - M F LATAI AL FH
B mPHEROEFAKAE (KELERSHEF)LEE  HLLE
(RiEFE - B REE)HE -

HBWE %R EFERSTHEIERES 24 22246 TR
A REREEAREY > BEZUERA 19 MBS ARER

e TV PSSR

[l ZRFRFMAZELE BTH

PO R P RREMOR 2B LRI A R RESE A aa b
HFEARZR PRI ELEREBN AP H M F11 AZ 95 F10
AR ZRPRIFMRZELBAERE B EZ AR ZH A

2B SAKRARRRECES LN AELE > RE—FIFLELIE
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ATRFIBRZELBALFRERARTELB A EFZHMIBIME - MEAH
Ay D F3AZI ARMUAREH T RS (B 1-T ) °
PHEEMAMEREA TR IMEZELEAZEE  EREZR
TERSHAZAGER K IDFIARICF]L ARSI ALF IO RMER
Z 2 ERARGE FIFKREFRE -BHE(REENERRE)EYR 6 (K
RENEREE )G ERB MR BERAEPL RBERZAREE &
3 A Bk S  HERMRERERPRFMREZ ESBEAFRERHE
R TELBATREZMBM - L HETRMNELB TERR

RIS AR AL B A RE | AToE o
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R kE T B

Ei
|1
=

[ Rkt E&BREZH

22 2R EREHE A 2003 F4H 2 %HERMNTE-1. 0l 2 kP S5 MHT
ETREXBOERGHEET > U2 EEAS LT EREESL 0 g/ L2#HiE

AR 10 /244 > A RE X A8 S F S AR (ICP-MS) MR R4 ~ 45 ~ 45 ~ 4R ~

oo 4 mABAEELN -

R ¥ EAF oA AR T

B ImL ARkt st BN 156mL 3o %

l

2% R 10 ng/L & MRk <z £ 10mL

l

L+ #%(ICP-MS)

MeBlaf ~ 4~ 45 4R~ R4l BN ELB
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I1. ETRFRFMMZELBREZI M

ERFHRAEERE 24 005> HFQMER ENZRE - PEMAIE BB ~ B
B~ 8 &K E — @Ples#PMo > B RIKAAT & A4 Sh IR R IE B R IE
YHAEZE 10 LPM& > A BBIUTRE L TR E R P RIFMR 3R
B ARG 3T E RIIRAR AT T NSNE ~ VR~ BUGR F RUE IR IE
HARZR — 0 RARB B KRB EREITER R

ST R RS E PR R BATHR R SRR RIS 2002 £
£ 97" 4 3ENIEA A301. 11ICZ Z R P RAKS L2485~ 2 ERRE
RS Z BEENIER T o o N B EE AR 10 £F 0 B B4k k3874
W BAR E A THCHEE — b5 K E B E 20 20 AREX1Bo

TR G EAR(ICP-MS) 1R BB ~ &3 ~ 85 ~ 4R ~ R 42 ~ & - ARG AFEE

28 -
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ERTREFMNT ELB L E M MR T

A IRAR R ZIE K EABAR T

l

Aan M wp R A% 10 & 5t

l

& &3k 3E > Ju#h T5°C > lhr

l

kT gz 25 £t

l

E#(ICP-MS)

KRBl Al ~ b3~ 45 bR - R GRS R B NIE T LB
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[ &3 RAGH

BRJE X484 E R T 32&(Inductively Coupled Plasma-Mass
Spectrometry » [CP-MS) (PerkinElmer-ELAN DRC II) » A (D) & EA

EEFISaEHYH(ORFLRETFR : SREAZEKESL (3)
g & mHik(Mass Analyzer) : wm#4x (Quadrupole Mass
Spectrometer)(4) {881 % : &F123 % (Electron Multiplier) sk 44 ] &
FIHEAKRIAIE AR E T E - A TH~ 48 111 #2114~ 4% 53 ~ 47 63 ~ 4% 60 -
45 208 ~ &% 82 ~ 4% 64 ¥1 66

REG SR 1 AT

. BAGHH

ON]

B

=4

q.

p—

. AR

2. Ak © CORNING PC-620 Auzhix

3. IR

A, g% 0 PP 50 8215 B [WAKI g4 -

5. EE%%E 110 24 AS#& -
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6. THAXMERE : 10-100 £2 100-1000 « L 2= BRAND $ & & % -

7. £E# * Pyrex %3 % 2542 100 AT =48 °

8. #BE 1 PE #BH 50 82 100 £ % 0N B BBHK -

9. 18 A3 3E RSB AR S (Personal Environmental Monitor, PEM) :
SKC > PMz.s ~ PMio

10. & 3% & a4 4718 % %5 (Quartz crystal Microbalance cascade
impactor, QCM) : California Measurements, Inc. USA #!3%g PC-2

11. #& 44 Rs : Dow Corning high-uacu um grease

12. JE 4 SRAFEIE 4 > Tefol™ > 37Tmm > 1. Oum ; % 3578 4K © TISSUQUARTZ
2500QAT-UP > 37mm
5 H 0 Allfield 0-25LPM > THX# % ¥ 4

14. 4x4psp R ERES  Gilian Instrument Corp USA

15. #h & Elik 3t - MODEL 8360 TSI, Inc. MN, USA

16. & &%k 4 - LINDBERG/BLUE

17. #5& X-F * AND HR200

Wk

1. 7T0%# 8 (Nitric acid) : Selectipur UPS, MERCK -

2. B

Trace Elements Urine LOT N02525 : Seronorm'
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Elan 6100 DRC Atmoic Spectroscopy Standard PE# N8125034,
PerkinElmer

ICP multi-element standard solution IV (23 elements in Imol/L
nitric acid, 1000 +10 mg/L, MERCK )

Arsenic 1000+4ug/mL in 2%HNOs (standard for ICP, MERCK)
Cadmium 1000+4ug/mL in 2%HNOs (standard for ICP, MERCK)
Chromium 1000+4ug/mL in 2%HNOs (standard for ICP, MERCK)
Copper 1000+4ug/mL in 2%HNOs (standard for ICP, MERCK)
Mercury 1000+4ug/mL in 2%HNOs (standard for ICP, MERCK)
Nickel 1000+4ug/mL in 2%HNOs (standard for ICP, MERCK)
Lead 1000+4ug/mL in 2%HNOs (standard for ICP, MERCK)
Selenium 1000+4ug/mL in 2%HNOs (standard for ICP, MERCK)

Zinc 1000+4ug/mL in 2%HNOs (standard for ICP, MERCK)
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Je

FRE ELB T HELE(QA/QC) T B

% BIBAR BTN ETY s KA 564 (QA/QC) EL3E SATF AB R4 ¢ Bp
BEMFEBERAER - RELEE - REGQED - BEEAT - 20k
LR BRSNS B Aotk RaER

&8 SR TARSAT H R4t 4o g o 3B DARRIR AR S0 4T B A7)
[. fa:R4%& (Detection Limit)

BB AAARMR(IDL) @ RAREERRMBEEMRRA T RIE > HHE TR
ahiEzAE % £(SD) - IDLBr A 3452 SD -

F kA RIARIR(MDL) @ ZsAuta E AN IDLIR E 2 43R40 - B T84 R4k
o RAB B AT TR TR RS ST E LR R AR e 248 0 RIF
A AE > IA TR 1B 2~D 1% BL B THE 4 I bk & o 448 Bl oA R e b7 3t 2
F A R RMDL2 4 B 3 (SE » ASIESR A F 1R\ E2R)TEF Lo > %

SE/SE<3.05 » AJ A2, 68142 by £ B A2 4k £ (Speoted) B F 548 BIAR R o

1

65, +6s5 |2
12|

'Sl_zmo.!ed -

I1. #2442 (Calibration Curve) #® 4%

B E PXNE(CRAEZTARE) ik B2 A2 5%k MH 48 ¥ EA&

BRVEIRAA 0 Arég Mo eyt BARPEE] 0 3T H H AR B8 0 LR
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AFER0.995 ©

Bl IR 5 W Z AR B SR P AR B A% PR &5 R o P 85 2

[1I. #reE4sER(Verification of Calibration Curve)

4

belo

URE AR ERZEERRE DR EEOERA M LB E R
PRIBEEBRAZ AR CEIREGLRIFREE » WHAZERREE » K
H % R A4 (CV)E > CV A 7 5% o

B F LR ZAR TR B4R 3~11 -

IV. 18 T AER

BB —EEx e 8Ea Tk B8 CVAE AP+ #k M (intra)
Z2IETE AAARBRRSME—BEZMEL TRk BHCVME » 345
R M (inter) 2 &€ & o

B iR AT 2 A% R A ko 4 12

V. Zatkssan 4 (Blank)

FRRIATREZ G L W ARG S AR EE RS

N\
iy
o
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VI. F B4 B (Replication)

B RPUT — 8 F B AR B 4 0 A8 B — Ak SRR A8 B AT R 22 B 4 47 2 B
FAER RS FBIRRZIBEAKEY) > S EEAAEE 5> £ ER
%0 R GHEAHEFHME 322 R E0 %)/ - bk BB 08
EHE -

| Xi-Xe |

AEE s £E RG)= x 100%
1/2(XitX2)

EMEANFTER R ERF RN 13~19 « B 488K H 54789

FREA SRS BARARIR » FTEAE KT -

VII. &E#Z4Sa# (Quality Check Sample)

FIRPIIT—EESE LT > BERERHEINZ 2 FZEE L
(SRM) > Seronorm™ Trace Elements Urine LOT NO2525 > LA#8 ] ik 2
Mo HBHEERRZIBE » BILERsERGEREE -

Feite B AR 90 AT 45 R B W44 20

VIII. Zhotksto#7(Spiked Sample)

FIRIAT — B Rtk s oW BFRE — BB REZAZRIER
BERAAGATRIE s W T HEs X AR RERE ~ R mikm &

A2 R EATHERZRELZ gk E > BERNAETIYELS
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A% 28 £ 2 R (85%~115%) °

Bl IR Fpo i o 5 T 8 R do i 8% 21

I RAFAEREAR S » BRATR A AR ETHENSE S BETRS

m AR P RIRFRIE 0 8 20%F BE 12 /NEF A b 0 B oA =R &K F SRR

apmmel e
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FoNEp AR EEEL S

[. M ESLELE N2 A B8 %L Microsoft Excel &4% o

[1. sA#zt k% SPSS 13. 0 FR:EATA I 47 > ik eds © 1. M4t =
ARG B ZER - 2. 253 %3t Mann-Whitney U test #4  #H 41 ¥ B3
MMAEMERKTELBZILE ~94 896 FFHERATESLBXLL
B FHLEEHET U BICFERETELR LR -3 EHH L
3t 7 % Kruskal Wallis Test (kB P #HLE ~ E WM AMRERIEK T E
SBZEE A RAAEBRIVMERERAR MR THRETELE X
ABRA o 0. B E M AN ERZRARBFME PR T - 6. AR QT 54
AIAREFFILEHE - M) ~ F#85 3 - ZFHAEFE - ERBAK
B~ EAERFFREFEETHE TR LR P AENERE R R
TELB MBI FTHERATELRARBEMEEZR T XBH KX
W R I FFHLE - HERFSH T ELBIREALB AR NHANES [11
S G Z H AR ODNEBER -

[II. i Microsoft Excel #2 Sigma Plot 9.0 fR4£ A %3t B % o

34



F—f 9486 FFPHMAEREATELBEEZF ZEH

1 A6 FFHRMABERATELBRENGTHEL > HRT
45 A WLEL BT AR 3% 18 1% AR T3 ME A 3R R 2R E R & > #R%
LB ARG > 94 ¥ 96 K 4 R BRI AR 0 A 96 A E 0 £
94 e FRD B P ARA T R BIARRE A= 52 — F k48 Bl R (MDL)
HE o RPRERZDE A BHRR AR w0~ 47 -8R 4a - 8 4K
Ko A HMELBLELATRESEBA  REEZHZHLPFHH—FU L
HAYRPRBEZBEER  HREZANFHH A4 KBEELE
REHER > A 90%58 95%2 IR A S A {E 0 K ¥ 9% AR ALK

P4 1112. 41 g/g cre. Lk ¢ A7 233.6 £ g/g cre. xS -

B8 6FEPHMAERAHBEERATELEEEZHRETHAE

hok 2 Fow 0 96 F P AT E RAHRAMAMERAT ELB R
B E e Bk A EmEN £ E(p0.05) 0 £
EMEZRNELB T RELETUINEKRESLBRE FHERS AN
B> ZERROARTREMBEE > £FHHAEREATRELAYH

Rz 245 -
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o8 9 28 17 Fro~ > 96 F P AR EE RKFRAMRERR

AR 1B 5B (48>8 ng/g cre. ~ &#5>6 ng/g cre. )& A FHE

R EBERARVHEALEREHRARS  HEACETHERETESLE
REES HEABESINBEZAAER D R rPHEREKTA 85
SR BREENMBE BT ZREERS > mMHRANR S AK

Fb iR o

b AR X EABAYHILEAAEZRAB IR EAAE
RI4~96 FRTREALGEAS  HFHAFTRENEZMERR &
EBPIZRBFRMREAERATRENAHGEZ 2/ - REZAE
FR T R PR A mERATREEARBMAKR  REAELEE
AR T ELBIEER — R A S 45 4R~ 4%

A ZRBFMR P ELBRERSE  REREATELBEENA B

Wk 4454048 96 FPAHLE - HEEHRBAMAR T kY EEEE
e RNEHBEER 23 @M RBEERLEZR  ARTARETAZ
BREMEERE - AP R PREEK JERERRAHRE - PHILE A T H
BE o B RENLEE ROREME - B PABILER B & 2K

WERAHEFFHBHE ~ PHILBERHERE  Ah 4848 K TREZKER
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FATHILE - FHRBEAHRE L3 @MATELBRESABE

HEERE -

B PHERETELSERE 94 82 96 F R ik

e 94 F8 96 FFPHMULERERTLEELBRE(LELD)
15 A & B3 4%t 2 Mann-Whitney U test #o#r > G RBE TR FELB
RERGES R TEREREM LRI RBRERHERK T TEAL T
EEMEA - RS ABRERERE(D.00) A PRBA/AZTATHAER
MERIRERS R O6HELASATHEERHERRARS LT
P mp iR g 94 2 84.6 png/gcre. » BAE AR 96 4= 104. 4 1 g/gcre.
R Mk T R £ R RARK 24E -

A B 18~26 R FHERF ~ LR R FIRAAL 944296 Fx2 1k
B REPRPRAETAXEFTPERBEEER  RYHARRERAALS
PEP 94 92 06 FiEAAE M E B (p<0.05) > RPARERA AL P 94 8
96 FEAE M ZE(p0.05) Her kP ELBIREAF MR MK T 94 8
96 FeHEMEMERZ(Dp.05) - AP A FMALMR T - ETER
FHRESREA I F557 90 5 He P ELBREET A 94 FE 96
£

g 94 B 96 F P HLERBEE REAT E4 B RERKT FHE

EHEA - RZEE AP YU FRI6FALTHRERERFMLE
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£ Mferp B SEREALERABEMRZRE SAhERERFN
2R EBREATELBRESHBEEMEZE(.0D) - EF » PHEE
RT3 & A R E Rk P4~ L& B RépEsE Lk - Rerik+ &
SRREZTHECHERBRSGERAG) -

ok THT AU FFHLEAGEERAT IRELBRE T
RAxEmTFSN  HRELRA 48 -4 -4 - BRERESTAHA
EMEE(.00) ERRILEEROATELRRESNORBER -
96 FREAELBMHOERAM F—R  EERATRENAES

W& (p=0.03)  ErAk P EL BT REBFBAEN £ E(p.0D) > B

LEEREATPREESHWHEER > MAPEMATENS A% TE4%E
(p=0.06) -

B UAEFIERENEPHEGCHENEEREATELE
=

REER

Pk 8B TAI A REE AR EMR ~ F#8 - Hh - ZFHARS

S

FEREBEARER - ERAZRAFFRAEFEFFR TR £ I FFHLE
HERFEHBERTHERBEELER  FVHRESLESERES &
BREMER > ARTHILEERALTAH - SO RREAHREARBE
HEE  YHOBERATS SEGEFTLFRERHNBAASH LA

%’]‘iéﬁ\- °
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&R VBT AREFFBEER ~ A - F8 o~ b —FHEE
FEREBEARHER - ERAZRFFREFAFTFRTZIRGFIHN > BRAT
AR BSUEIRES RBRAF R A ERMENLERE  HYRPHAIRE
BILFERSG BT ELBA -8 K- BARBFREET A I6 F&

Boo PSR B IR A AT R T A (p=0. 06) - 5o -

RS

FPHEELREZRA MBMEZ T8 0155 - BASE > 96 £ 957 57

94 F2A8% -

R REEERAFTRIERES[ZEE oM

ok 10 &R 8T APWZRBFMMZESR R E0HM T HFho
ERF 1 EEZN ERENBELNA L O E —ERZRAEMELE
ELILA ~ G~ 4R AR B - RS MAF R EERAR BEISE
RELBTH MR EFERZLHKTE

11 AP Z R R F M E2BXRESHTY FA0ERF I LE
W~ SNERFES R ADhIA L BB —E R F AR E LB AR a4
GBS RS AR _MEREY  EROHELRARALFT LEENE

AP E4B P RBmATER AR A A
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ot EEREATRIFMEELERAVGEESBIREZAMME

ok 1260 ERBHEREN - A ERTRIFRAK T E2 KR
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7 48 % 4 S &% 4l il

(EE 425 425 425 425 425 425 425 425
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. R 13.042. 2 14.141. 1 13.1+1. 6
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%10, EREZERAPMwF B ELB R E 54

FNER (N=25)

FohER (N=10)

Phb Bi1 B2 HBEEl BE2 BHES3
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FTRETIHEAE ] LEZAHEB - AF - 45 > 48 ~ 47 ~ 8 ~ B RS

1l EREZAP Y &L EZR EoH
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Pl HE 1 B % 2 B 1 B % 2
mEg g% 4845 24. 43 65. 47 18.37
R 0.91 0. 02 0. 86 0.23
4% 0.73 -0, 43 0. 94 -0. 04
% 0. 40 0. 70 0. 34 0. 74
47 0. 86 0.35 0. 94 0.15
* 0.10 0. 74 -0.51 0. 68
48 0.48 0. 76 0.85 0. 40
2 0.97 0.08 0. 96 0. 11
P 0. 39 0. 50 0.92 0. 02
4 0.88 0.15 0.73 -0. 63
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®12. BRZATHEEPERATELEREEH I (log)Bikz 18/
i3

_ " N % Jh
TE A PMs PM: s PMs PM:.s
= ~0. 20 0. 05 0.18 0.18
5 0.52" 0.42° 0.33 0.34
8% 0.98 0. 30 0. 09 0. 03
4 0.38" 0. 30 0. 23 0. 04
£ 0. 01 0.01 -0. 46° 0,19
44 0. 60 0. 60 0.17 0. 22
4 0.36° 0. 08 0. 30 0.21
# 0,43 0.11 0. 29 0. 25
4% 0.05 0.03 -0. 09 -0. 05
"0 < 0.05
“ < 0.01

%13, EFREAPoF (ng/m)$4EP B RE T (1ng/g cre. ) E4BRE
2 A

s 94 s 96
7 4% Z R FR iR Z R B iR
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i 1.5 85. 6+65. 7 1.9 104. 4+76. 7
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& 5.8 0.61+0. 52 1.7 0.81+0. 61
5P 13.6 21.9+14. 3 12.7 12.449. 1
73 ND 0. 33+0. 69 ND 0.74+1. 07
4 NA 8.0245. 35 7.8 6. 73+4. 82
eh 31.4 1. 64+1. 23 26. 3 1.70+1. 62
L3 0.4 54.3%27. 1 2.4 70. 0+38. 8

5 58. 8 395. 0+281. 6 112.4 52'7.4+308. 1
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Mt 4%

Mgkl 1CP-MSHR 5 &4

ICP parameters
RF power (W)
Plasma gas flow
Auxiliary flow
Nebulizer flow (L/min)
Nebulizer

DRC parameters
NH3 flow rate (mL/min)
Quadrupole rod offset (V)
Cell path voltage (V)
Cell rod offset (V)
Rejection parameter a
Rejection parameter g
Autolens

Mass spectrometer settings
Dwell time (ms)
Sweeps
Readings

Repalicates

1430

17

1.3

0.97
Meinhard

0.6
=2:9
-19

0.25

On

50
20
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k2. JRIRD AT Z R BRI R AIIRRE R

Concentration )

Element range (gg/L) r IDL (u¢g/L) MDL (ug/L)
As 1~50 0.9993 0.05 0.23
Cd 0.2~10 0.9991 0.03 0.04
Cr 0.2~10 0.9985 0.02 0.05
Cu 1~50 0. 9986 0.16 0.17
Hg 0.2~10 0.9994 0.03 0.04
Ni 0.2~10 0.9998 0.03 0.07
Pb 0.2~10 0.9993 0.02 0.08
Se 1~50 0.9981 0.29 0.3
Zn 4~200 0.9982 0.48 2.53

As

1%6() .

icy m-+3$

55 m+2s

R e N
%51) " \\\‘//////. mean

LAS | rrrrrrrrrrr m-2s
- m-3s

4.0
95.8.30  95.09.06 95.09.12  95.09.18  96.02.05 96.02.08  96.04.23

3]

sk 3. A X i 2 4 rkR o F B
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Cd
" 1.2
I=
N m+3s
. m+2$
’ 0 /——\ o
g i mean
/ - \./ \o
D m-2s
= m-3s
0.8 ‘
05.8.30  95.09.05 95.09.18  96.02.05 96.02.27 96.03.01 96.04.23
HEA
M5k 4. 22 AR ERERLEE
Cr
1.3
B
E12 m+3s
L m+2s

i v mean
/ 1.0 \/ \

D T m-2s

m-3s

95.830  95.09.05 95.09.06  95.09.18  96.02.27  96.03.01  96.04.23
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Cu
. 6
=
% m+3s
5 m+2s
u \ /\ _&
— mean
g 5 \0\/
kbbb m-2s
L m-3s
4
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H 1A
M4k 6. SR AR ELAENLE B
Hg
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(w0 =) W@ e
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Pb
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M4k 12. Rz EER (n=7)

#RA b P
Element Conc o
Cugny Mean Voo CRU Mean OV (%)
As 5 4.94 3 5 4. 99 5
Cd 1 0. 90 3 1 1. 00 11
Cr 1 0. 97 4 1 1.03 11
Cu ) 4.97 2 5 5.08 10
lig 1 0. 93 5 1 1.00 8
Ni 1 0. 96 2 1 1.03 6
Pb 1 0.93 5 1 1.01 8
Se e 4.95 1 5 5.03 8
Zn 20 20. 12 1 20 20.19 8
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5 6T
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Cu
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Pb
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Mk 17. 2 —_FRLEHRE
Se
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o 25
V= m+3s

_ m+2s
u?2l ./\ _—

g . — mean
119 | \/~

517 il m-2s
m-3s
15 ‘ ‘ ‘ ‘ ‘ ‘
95.830  95.09.05 95.09.06 95.00.18  96.02.05 96.02.08  96.04.23
H 1A
M35 19, B2 —F B ST E
M4k 20, BRBREBAS ST ER (N=3)
Reference Observation SRM recovery
(pg/L) (pg/L) (%)
As 184 182. 16 99 + 0.03
Cd 5. 06 4. 8h 96 + 0.02
Cr 20. 1 13.8 69 + 0.02
Cu 16.1 14. 7 91 + 0.05
Hg 40. 3 41. 7 103 + 0.02
N1 41.5 36. 4 88 + 0.07
Pb 91.1 69. 99 7r +0.04
Se 66. 9 7.4 116 + 0. 06
/n 261 252. 39 97 + 0.55
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ek 21, PRIk db i 8 R (N=3)

Element Spike (ug/L) Spike recovery (%)
As d 98 + 0. 04
Cd 1 96 + 0.03
Cr 1 100 + 0.03
Cu d 106 + 0. 14
g 1 104 + 0. 15
Ni 1 98 + 0.06
Pb 1 93 + 0. 05
Se d 104 +0.13

Zn 20 102 + 0. 06
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